The novel and selective cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitor palbociclib, used in combination with endocrine therapy, has demonstrated efficacy and tolerable safety in the management of metastatic or locally advanced breast cancer ([@djy109-B1]). Palbociclib targets dysregulated cell cycle machinery within the cyclin D-CDK4/6-retinoblastoma pathway to inhibit the uncontrolled cellular proliferation critical to pathophysiologic processes ([@djy109-B5]). In prospective, randomized phase II and III trials, palbociclib combined with endocrine therapy resulted in statistically significant (*P* \< .001) improvement in progression-free survival (PFS) compared with endocrine therapy alone, in both firstline metastatic and previously treated hormone receptor−positive/human epidermal growth factor receptor 2−negative (HR+/HER2-) patients with advanced breast cancer ([@djy109-B1]).

The therapeutic window of any new treatment regimen needs to be evaluated for efficacy vs the clinically tolerable safety profile, particularly in the advanced disease setting, where maintaining quality of life and minimizing toxicity are a priority. Decisions on treatment with CDK4/6 inhibitors, including palbociclib in combination regimens, need to be based on an assessment of their immediate and long-term toxicity. The safety profile of palbociclib plus endocrine therapy has been reported for each of the three PALOMA studies at both interim and final analysis of the primary end point (investigator-assessed PFS) ([@djy109-B1]). Further analysis of the safety profile to characterize the incidence of adverse events (AEs) over time will enhance the ability of clinicians to manage toxicities, optimize treatment decisions, and appropriately counsel their patients ([@djy109-B8]). In this analysis, we evaluate the safety of palbociclib combined with endocrine therapy for up to 50 months---which extends beyond the cutoff dates of the safety data reported previously for PALOMA-1, -2, and -3---to characterize toxicities and identify any unusual trends and/or potential cumulative AEs based on a longitudinal analysis of a large, pooled clinical trial data set comprising all three randomized studies.

Methods
=======

Study Design and Patients
-------------------------

This analysis includes safety data from the open-label, phase II PALOMA-1 study and the double-blind, phase III PALOMA-2 and -3 studies (ClinicalTrials.gov: NCT00721409 \[[@djy109-B9]\], NCT01740427 \[[@djy109-B10]\], NCT01942135 \[[@djy109-B11]\], respectively). All three PALOMA study designs, briefly shown in [Supplementary Figure 1](#sup1){ref-type="supplementary-material"} (available online), have been described previously ([@djy109-B1]). Across all PALOMA studies, written informed consent was provided before study procedures were initiated; institutional review boards at participating centers approved all study-related procedures, which complied with the International Conference on Harmonisation, guidelines for Good Clinical Practice, and the Declaration of Helsinki. Overall survival has been reported for PALOMA-1 (12), and follow-up is in progress for the PALOMA-2 and PALOMA-3 studies.

Eligible patients were postmenopausal women (PALOMA-1 and -2) and women of any menopausal status (PALOMA-3) age 18 years or older with HR+/HER2- advanced breast cancer who had not received treatment for their advanced breast cancer (PALOMA-1 and -2), or whose advanced breast cancer had progressed on prior endocrine therapy while on or within 12 months of (neo)adjuvant therapy (including some endocrine therapies), or while on or within one month of endocrine therapy for advanced breast cancer (PALOMA-3). Other key inclusion criteria appear in [Supplementary Table 1](#sup1){ref-type="supplementary-material"} (available online). Study treatments have been previously described ([@djy109-B1]) and are summarized in the [Supplementary Methods](#sup1){ref-type="supplementary-material"} (available online).

Safety Assessments
------------------

AEs in all three PALOMA studies were reported from the time patients provided informed consent until at least 28 days after their last study drug treatment and before the initiation of any new anticancer therapy, or until all toxicities resolved or were characterized as chronic/stable in PALOMA-1, whichever occurred later. AEs were assessed at least monthly; laboratory tests were performed biweekly during the first two cycles and on day 1 of subsequent cycles; blood counts were performed on day 15 ± 1 day for the first two cycles, on day 1 of subsequent cycles, and at the end of treatment or withdrawal; physical examinations were performed at screening and on day 1 of every cycle until the end of treatment or withdrawal.

The severity of all-causality AEs was recorded by investigators and graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) v3.0 (PALOMA-1) and v4.0 (PALOMA-2 and -3). Serious AEs were also assessed.

Data and Statistical Analyses
-----------------------------

AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA) v19.0. The frequencies of maximum grade events for each patient during study treatments were summarized by treatment arms. Related preferred terms were aggregated into cluster terms ([Supplementary Methods](#sup1){ref-type="supplementary-material"}, available online). To evaluate the long-term safety of palbociclib combined with endocrine therapy, the cumulative event rates of hematologic and selected nonhematologic AEs---recognized as being of clinical relevance---were assessed using Kaplan-Meier estimates. Frequently reported AEs, in 15% or more of palbociclib-treated patients, were assessed at six-month intervals (0--\<6, 6--\<12, 12--\<18, 18--\<24, 24--\<30, 30--\<36 months).

To assess the risk of having an AE in palbociclib-treated patients (compared with patients receiving endocrine monotherapy), hazard ratios for each AE of interest were estimated using a Cox model stratified by study. A log-rank test was used to derive *P* values (two-sided) without adjustment for multiplicity. *P* values of less than .05 were considered statistically significant. In addition, person-years analysis was conducted for selected nonhematologic AEs to adjust the duration of drug exposure to the risk of having the AE. For venous thromboembolic events, treatment duration--adjusted incidence rates per person per year were based on the Standardised MedDRA Query v20.0 for venous embolic and thrombotic events.

Mean CTCAE grades for selected hematologic (laboratory-assessed) and nonhematologic adverse events were calculated by cycle for the first 18 cycles of treatment. The frequency of AEs leading to temporary dose discontinuations (dose interruptions within a cycle or a delay of the next treatment cycle) over six-month intervals and cumulatively was also summarized.

Results
=======

Patients
--------

The experimental arm of this pooled data set includes 875 patients randomly assigned to the palbociclib arms in the three PALOMA studies (intent-to-treat population: PALOMA-1, n = 84, data cutoff date, January 2, 2015; PALOMA-2, n = 444, February 26, 2016; PALOMA-3, n = 347, July 31, 2015). Pooled analyses excluded one patient in PALOMA-1 and two patients in PALOMA-3 who were randomly assigned to palbociclib but not treated (safety population: n = 872). The comparator arm includes 477 patients randomly assigned to endocrine monotherapy or endocrine therapy ± placebo. Four patients in PALOMA-1 and 2 patients in PALOMA-3 were randomized but did not receive therapy (safety population: n = 471). The mean age of the pooled intent-to-treat population was similar in the palbociclib plus endocrine arm and endocrine monotherapy arm, and most patients were postmenopausal ([Table 1](#djy109-T1){ref-type="table"}). Table 1.Patient demographic and baseline clinical characteristics (intent-to-treat population)CharacteristicPalbociclib + endocrine therapy (n = 875)Endocrine therapy[\*](#tblfn1){ref-type="table-fn"} (n = 477)Age, y Mean (range)60 (30--89)60 (28--88) \<65, No. (%)571 (65.3)314 (65.8) ≥65, No. (%)304 (34.7)163 (34.2) ≥75, No. (%)83 (9.5)32 (6.7)Race, No. (%) White672 (76.8)377 (79.0) Asian145 (16.6)65 (13.6) Black21 (2.4)12 (2.5) Other[†](#tblfn2){ref-type="table-fn"}37 (4.2)23 (4.8)Menopausal status, No. (%) Pre-/perimenopausal72 (8.2)36 (7.5) Postmenopausal803 (91.8)441 (92.5)ECOG PS, No. (%) 0509 (58.2)263 (55.1) 1357 (40.8)211 (44.2) 29 (1.0)3 (\<1.0)Disease sites, No. (%) Visceral452 (51.7)257 (53.9) Nonvisceral423 (48.3)220 (46.1)No. of disease sites[†](#tblfn2){ref-type="table-fn"}, No. (%) 1272 (31.1)144 (30.2) 2231 (26.4)118 (24.7) 3203 (23.2)114 (23.9) 4106 (12.1)63 (13.2) ≥563 (7.2)38 (8.0)Measurable disease, No. (%) Yes671 (76.7)375 (78.6) No204 (23.3)102 (21.4)Disease stage at initial diagnosis, No. (%) I77 (8.8)43 (9.0) II257 (29.4)124 (26.0) III141 (16.1)86 (18.0) IV224 (25.6)108 (22.6) Other21 (2.4)9 (1.9) Unknown/missing71 (8.1)26 (5.5) Not collected84 (9.6)81 (17.0)Prior systemic therapy, No. (%) Hormonal623 (71.2)328 (68.8) Chemotherapy495 (56.6)283 (59.3) None211 (24.1)118 (24.7)[^1][^2]

Exposure
--------

Median duration of treatment was longer (all three studies), and median relative dose intensities slightly lower (for PALOMA-2 and PALOMA-3 studies), in the palbociclib-treated arms than the corresponding endocrine monotherapy arms ([Table 2](#djy109-T2){ref-type="table"}). In 119 of 527 (22.6%) patients in PALOMA-1 and -2, the combination of palbociclib and letrozole as firstline treatment was continued for 24 to less than 30 months, and 11 patients were treated for more than 36 months. For 140 of 345 (40.5%) patients in PALOMA-3, palbociclib plus fulvestrant was received for 12 or more months. Dose reductions were required in 36.9% of the pooled safety population that received palbociclib plus endocrine therapy ([Table 2](#djy109-T2){ref-type="table"}). Median durations of exposure to endocrine therapy in the comparator arms were consistently less than for the palbociclib arm, irrespective of the line of therapy. The total duration of treatment was 2.4-fold longer in the palbociclib arm than the comparator arm ([Table 2](#djy109-T2){ref-type="table"}). Table 2.Exposure to palbociclib or placebo (safety population)Pooled analysisPALOMA-1PALOMA-2PALOMA-3ExposurePalbociclib + endocrine therapy (n = 872)Endocrine therapy ± placebo (n = 471)Palbociclib + endocrine therapy (n = 83)Endocrine therapy (n = 77)Palbociclib + endocrine therapy (n = 444)Endocrine therapy + placebo (n = 222)Palbociclib + endocrine therapy (n = 345)Endocrine therapy + placebo (n = 172)Treatment duration, mo Median------13.837.5919.8113.5710.844.50 Range------0.23−53.060.92−40.770.03−34.070.33−35.180.03−19.580.46−20.07Total person-years exposure1017.8423.8127.076.4627.3258.2263.589.3Average daily dose, mg Median------125---125125125125 Range------79−267[\*](#tblfn3){ref-type="table-fn"}---77−125105−12678−131104−129Relative dose intensity[†](#tblfn4){ref-type="table-fn"}, % Median------100---93.099.689.8100 Range------95−100---40−11056−10522−10780-100 Mean------99.5---86.898.285.697.1 Standard deviation------1.04---14.55.5215.46.0Dose modifications (any cause)Dose reductions[‡](#tblfn5){ref-type="table-fn"}, No. (%) ≥1 dose reductions322 (36.9)6 (1.5)[§](#tblfn6){ref-type="table-fn"}34 (41.0)---160 (36.0)3 (1.4)128 (37.1)3 (1.7) 1 dose reduction214 (24.5)6 (1.5)[§](#tblfn6){ref-type="table-fn"}20 (24.1)---97 (21.8)3 (1.4)97 (28.1)3 (1.7) 2 dose-level reductions116 (13.3)0[§](#tblfn6){ref-type="table-fn"}12 (14.5)---63 (14.2)041 (11.9)0Dose interruptions‖, No. (%)646 (74.1)220 (46.7)50 (60.2)22 (28.6)310 (69.8)94 (42.3)286 (82.9)104 (60.5)Cycle delays[¶](#tblfn8){ref-type="table-fn"}, No. (%)560 (64.2)82 (20.8)[§](#tblfn6){ref-type="table-fn"}70 (84.3)---303 (68.2)60 (27.0)187 (54.2)22 (12.8)[^3][^4][^5][^6][^7][^8]

AE Incidence
------------

A summary table of any grade treatment-emergent adverse events reported in 15.0% or more of patients in either treatment arm of this pooled study is shown in [Table 3](#djy109-T3){ref-type="table"}. Grade 3−4 hematologic toxicities were reported for 98.6% of patients in the palbociclib-treated arm and for 3.6% of patients in the endocrine monotherapy arm. Any grade neutropenia, the most common hematologic AE in the palbociclib-treated arm, was reported for 80.6% and 5.3% patients in the palbociclib-treated and endocrine monotherapy arms, respectively. Table 3.Summary of any grade treatment-emergent adverse events reported for ≥15.0% of patients in either treatment arm of the PALOMA-1, -2, and -3 pooled safety study---all-causality and all cycles in the as-treated populationPalbociclib + endocrine therapy (n = 872)Endocrine therapy[\*](#tblfn9){ref-type="table-fn"} (n = 471)Preferred termAll grades, No. (%)Grades 1/2, No. (%)Grade 3, No. (%)Grade 4, No. (%)All grades, No. (%)Grades 1/2, No. (%)Grade 3, No. (%)Grade 4, No. (%)Any AEs[†](#tblfn10){ref-type="table-fn"},‡863 (99.0)[§](#tblfn12){ref-type="table-fn"}186 (21.3)542 (62.2)120 (13.8)434 (92.1)[‖](#tblfn13){ref-type="table-fn"}317 (67.3)101 (21.4)9 (1.2)Hematologic AEs[¶](#tblfn14){ref-type="table-fn"} Neutropenia703 (80.6)133 (15.3)482 (55.3)88 (10.1)25 (5.3)20 (4.2)4 (0.8)1 (0.2) Leukopenia394 (45.2)161 (18.5)228 (26.1)5 (0.6)17 (3.6)15 (3.2)1 (0.2)1 (0.2) Anemia241 (27.6)201 (23.1)38 (4.4)2 (0.2)50 (10.6)41 (8.7)9 (1.9)0 Thrombocytopenia166 (19.0)149 (17.1)14 (1.6)3 (0.3)5 (1.1)4 (0.8)1 (0.2)0Nonhematologic AEs Infections[¶](#tblfn14){ref-type="table-fn"}477 (54.7)[\#](#tblfn15){ref-type="table-fn"}431 (49.4)39 (4.5)6 (0.7)174 (36.9)159 (33.8)12 (2.5)0 Fatigue342 (39.2)320 (36.7)20 (2.3)2 (0.2)129 (27.4)125 (26.5)4 (0.8)0 Nausea298 (34.2)295 (33.8)3 (0.3)0117 (24.8)111 (23.6)6 (1.3)0 Stomatitis[¶](#tblfn14){ref-type="table-fn"}252 (28.9)246 (28.2)6 (0.7)057 (12.1)56 (11.9)1 (0.2)0 Alopecia226 (25.9)226 (25.9)---[\*\*](#tblfn16){ref-type="table-fn"}---[\*\*](#tblfn16){ref-type="table-fn"}48 (10.2)48 (10.2)---[\*\*](#tblfn16){ref-type="table-fn"}---[\*\*](#tblfn16){ref-type="table-fn"} Arthralgia223 (25.6)216 (24.8)7 (0.8)0120 (25.5)117 (24.8)3 (0.6)0 Diarrhea214 (24.5)205 (23.5)9 (1.0)085 (18.0)80 (17.0)5 (1.1)0 Headache196 (22.5)193 (22.1)3 (0.3)0100 (21.2)96 (20.4)4 (0.8)0 Cough188 (21.6)188 (21.6)0---73 (15.5)73 (15.5)0---[\*\*](#tblfn16){ref-type="table-fn"} Back pain167 (19.2)155 (17.8)11 (1.3)1 (0.1)90 (19.1)87 (18.5)3 (0.6)0 Constipation167 (19.2)165 (18.9)2 (0.2)068 (14.4)67 (14.2)1 (0.2)0 Hot flush166 (19.0)166 (19.0)0---[\*\*](#tblfn16){ref-type="table-fn"}107 (22.7)106 (22.5)1 (0.2)---[\*\*](#tblfn16){ref-type="table-fn"} Vomiting149 (17.1)145 (16.6)4 (0.5)066 (14.0)61 (13.0)5 (1.1)0 Rash[¶](#tblfn14){ref-type="table-fn"}144 (16.5)138 (15.8)6 (0.7)043 (9.1)42 (8.9)1 (0.2)0 Decreased appetite138 (15.8)131 (15.0)7 (0.8)039 (8.3)38 (8.1)1 (0.2)0 Pain in extremity122 (14.0)121 (13.9)1 (0.1)072 (15.3)66 (14.0)6 (1.3)0[^9][^10][^11][^12][^13][^14][^15][^16]

Any grade infections, the most common nonhematologic AEs in the palbociclib-treated and endocrine monotherapy arms, were reported for 54.7% and 36.9% patients, respectively, and in 431 of 477 (90.4%) and 159 of 174 (91.4%) of those patients, events were of grade 1−2 severity. There were no grade 5 infections reported for palbociclib-treated patients, whereas three events of grade 5 severity (pneumonia, lower respiratory tract infection, and peritonitis bacterial) were reported for patients receiving endocrine monotherapy ([Table 3](#djy109-T3){ref-type="table"}). The five most common any grade infections with palbociclib plus endocrine therapy were nasopharyngitis (13.6% and 9.1% with endocrine monotherapy), upper respiratory tract infection (11.7% and 8.3%, respectively), urinary tract infection (10.0% and 6.8%), and oral herpes (4.2% vs 0.8%) (data not shown).

Fatigue and nausea were among the other most common nonhematologic toxicities in both treatment arms; these events were predominantly of grade 1−2 severity.

Timing and Cumulative Event Rates of AEs
----------------------------------------

The cumulative event rates of the four most common all-causality hematologic AEs over all cycles for up to 50 months are depicted for the 872 patients treated with palbociclib plus endocrine therapy in [Figure 1A](#djy109-F1){ref-type="fig"}. Kaplan-Meier plots show that the probability of any grade neutropenia being reported was greater than 0.6 within the first two months of treatment, after which time the increase of the cumulative event rate was minimal and relatively gradual (\>0.8 by month 10 and \<0.9 over the next 40 months). The cumulative event rate of any grade leukopenia being reported was greater than 0.3 within the initial months of the study, it reached greater than 0.4 by month 10, and thereafter it increased to approximately 0.5 and plateaued. The probability of any grade anemia and thrombocytopenia being reported was greater than 0.1 within the initial three months of treatment, after which time it reached greater than 0.3 for reports of anemia and greater than 0.2 for thrombocytopenia by month 20; the cumulative event rate for reporting anemia and thrombocytopenia reached a plateau of approximately 0.4 and less than 0.3, respectively, by approximately month 30.

![Kaplan-Meier curves showing cumulative event rates over time among palbociclib-treated patients for the **(A)** hematologic adverse events (AEs) of neutropenia, leukopenia, anemia, and thrombocytopenia and for **(B)** selected nonhematologic AEs. \*Cluster terms were used and are defined in the [Supplementary Methods](#sup1){ref-type="supplementary-material"} (available online).](djy109f1){#djy109-F1}

Among the selected nonhematologic AEs of any grade ([Figure 1B](#djy109-F1){ref-type="fig"}), the cumulative event rates for fatigue, nausea, infections, and stomatitis were greater than 0.2 within the initial few months of palbociclib plus endocrine therapy. The cumulative event rate of reporting infections surpassed those for all other AEs before five months ([Figure 1B](#djy109-F1){ref-type="fig"}), increasing to approximately 0.6 by 15 months, and increasing more slowly to greater than 0.8 by 35 months. By comparison, the cumulative event rates for reports of all other nonhematologic AEs were less than 0.5 by 30 months of palbociclib treatment, most of which had plateaued by that time.

To evaluate the risk of an AE in palbociclib-treated patients compared with patients receiving endocrine monotherapy, a forest plot of hazard ratios for a group of selected clinically relevant AEs is presented in [Figure 2](#djy109-F2){ref-type="fig"}. Although all selected AEs in the forest plot show that there is an increased risk in the palbociclib-treated arm compared with the control arm, the hematologic AEs are statistically significantly higher in the palbociclib-treated arm (all *P* \< .001).

![Forest plot depicting the estimated hazard ratios and 95% confidence intervals (CIs) in descending order for hematologic and selected nonhematologic adverse events (AEs; all causalities, all cycles) in the as-treated population. A log-rank test was used to derive *P* values (two-sided) without adjustment for multiplicity. \*Cluster terms were used and are defined in the [Supplementary Methods](#sup1){ref-type="supplementary-material"} (available online). ^†^Includes data up to 28 days after last dose of study drug, and the time to an event in days was calculated as the date of AE onset minus the date of the first dose of palbociclib/placebo + 1. Endocrine therapy included placebo in PALOMA-2 and -3, but not in the PALOMA-1 study.](djy109f2){#djy109-F2}

Adverse Events Adjusted for Exposure
------------------------------------

The incidence rate of selected AEs was assessed in each of the treatment arms after adjusting for the duration of exposure to treatment ([Figure 3](#djy109-F3){ref-type="fig"}). Between treatment arms, the incidence rate of stomatitis was higher in palbociclib-treated patients after controlling for the duration of exposure to study drugs; however, differences between treatment arms for febrile neutropenia, infections, fatigue, and nausea, among other AEs, were mitigated to some extent after controlling for duration of treatment. The rate of pulmonary embolism was the same in both arms after adjusting for duration of exposure to treatment (0.017 person-years in both arms), and the rate for all venous thromboembolic events was 0.025 person-years in the palbociclib-treated arm vs 0.027 in the endocrine monotherapy arm.

![Adverse event (AE) incidence rate of selected nonhematologic AEs in the safety population after adjusting by person-years of exposure to study drugs. \*Cluster terms were used and are defined in the [Supplementary Methods](#sup1){ref-type="supplementary-material"} (available online). ^†^Incidence rate for selected AEs (preferred term/cluster of preferred terms) = (sum of total number of events)/(sum of total person-years).](djy109f3){#djy109-F3}

Adverse Events and Dose Modifications Over Time
-----------------------------------------------

Treatment-emergent AEs were assessed at six-month intervals for less than 36 months. The incidence of any grade AEs reported for 15.0% or more of patients had a similar trend over time; all toxicities peaked during the first six months of treatment ([Supplementary Figure 2](#sup1){ref-type="supplementary-material"}, available online) and generally decreased over time, with the greatest decrease occurring after the first six months of treatment. With the exception of neutropenia, leukopenia, and infections, the incidence of individual AEs remained below 15.0% at each time interval after the first six months.

The rate of dose modifications associated with AEs showed a similar temporal pattern, with dose reductions and temporary discontinuations (dose interruptions and cycle delays) most commonly implemented during the first six months of treatment with palbociclib plus endocrine therapy ([Table 4](#djy109-T4){ref-type="table"}). The frequency of dose reductions and temporary discontinuations decreased over time. Any grade AEs leading to a dose reduction and/or a temporary discontinuation over three years were 36.0% and 71.4%, respectively. The maximum number of dose reductions and dose interruptions were initiated in cycles 2 and 1, respectively, and the frequency of each generally declined over the course of subsequent treatment cycles, reaching 0% in later cycles ([Figure 4](#djy109-F4){ref-type="fig"}). Overall, neutropenia and leukopenia were the most common AEs associated with dose reductions (29.8% and 3.1%, respectively) and temporary discontinuations (62.5% and 12.6%); however, few patients (1.5% and 0%) permanently discontinued treatment because of neutropenia and leukopenia. Table 4.Dose reductions and discontinuations associated with AEs over timeTime interval, moDose reductions and discontinuations0 to \<6 (n = 872), No. (%)6 to \<12 (n = 676), No. (%)12 to \<18 (n = 491), No. (%)18 to \<24 (n = 289), No. (%)24 to \<30 (n = 119), No. (%)30 to \<36 (n = 27), No. (%)Dose reductions[\*](#tblfn17){ref-type="table-fn"} Any AE243 (27.9)69 (10.2)33 (6.7)18 (6.2)3 (2.5)0  Neutropenia[†](#tblfn18){ref-type="table-fn"}210 (24.1)49 (7.2)24 (4.9)16 (5.5)3 (2.5)0  Leukopenia[†](#tblfn18){ref-type="table-fn"}25 (2.9)3 (0.4)1 (0.2)000  Thrombocytopenia[†](#tblfn18){ref-type="table-fn"}8 (0.9)1 (0.1)01 (0.3)00  Infections[†](#tblfn18){ref-type="table-fn"}4 (0.5)4 (0.6)2 (0.4)1 (0.3)00Temporary discontinuations[‡](#tblfn19){ref-type="table-fn"} Any AE539 (61.8)326 (48.2)198 (40.3)118 (40.8)41 (34.5)8 (29.6)  Neutropenia[†](#tblfn18){ref-type="table-fn"}480 (55.0)271 (40.1)174 (35.4)107 (37.0)35 (29.4)6 (22.2)  Leukopenia[†](#tblfn18){ref-type="table-fn"}89 (10.2)23 (3.4)12 (2.4)8 (2.8)2 (1.7)0  Infections[†](#tblfn18){ref-type="table-fn"}24 (2.8)31 (4.6)22 (4.5)6 (2.1)3 (2.5)0  Fatigue12 (1.4)6 (0.9)8 (1.6)2 (0.7)1 (0.8)0  Thrombocytopenia[†](#tblfn18){ref-type="table-fn"}13 (1.5)4 (0.6)3 (0.6)2 (0.7)01 (3.7)  Nausea13 (1.5)4 (0.6)2 (0.4)1 (0.3)00  ALT increased8 (0.9)6 (0.9)1 (0.2)000  AST increased9 (1.0)3 (0.4)01 (0.3)1 (0.8)0  Diarrhea9 (1.0)3 (0.4)03 (1.0)00  Rash[†](#tblfn18){ref-type="table-fn"}9 (1.0)3 (0.4)1 (0.2)000  Stomatitis[†](#tblfn18){ref-type="table-fn"}8 (0.9)4 (0.6)3 (0.6)1 (0.3)00  Anemia[†](#tblfn18){ref-type="table-fn"}9 (1.0)3 (0.4)2 (0.4)4 (1.4)2 (1.7)0  Vomiting8 (0.9)3 (0.4)2 (0.4)1 (0.3)00  Pyrexia8 (0.9)2 (0.3)1 (0.2)1 (0.3)00Permanent discontinuations[§](#tblfn20){ref-type="table-fn"} Any AE37 (4.2)20 (3.0)8 (1.6)3 (1.0)3 (2.5)1 (3.7)  Neutropenia[†](#tblfn18){ref-type="table-fn"}6 (0.7)4 (0.6)1 (0.2)1 (0.3)1 (0.8)0  ALT increased3 (0.3)1 (0.1)0000  Infections[†](#tblfn18){ref-type="table-fn"}2 (0.2)2 (0.3)0000  Fatigue2 (0.2)1 (0.1)1 (0.2)01 (0.8)1 (3.7)  Disease progression2 (0.2)01 (0.2)000[^17][^18][^19][^20]

![Dose reductions **(A)**, dose interruptions **(B)**, and granulocyte colony-stimulating factor (G-CSF) therapy **(C)** by cycle. Patients could have had a dose reduction and/or dose interruption in more than one cycle. Patients with one or more dose reductions or one or more dose interruptions in a cycle are only reported once in the respective cycle. Patients with one or more G-CSF medications (including filgrastim, pegfilgrastim, lenograstim, and/or G-CSF) concomitant in the respective cycle are reported. Percentages were computed as n/N\*100. n = number of patients with at least one dose reduction or dose interruption per dosing records in the respective cycle; N = number of patients taking palbociclib during the cycle.](djy109f4){#djy109-F4}

Serious AEs, Permanent Discontinuations, and Grade 5 Events
-----------------------------------------------------------

All causalities, all cycles, any grade treatment-emergent serious AEs (SAEs) were reported in a total of 160 of 872 (18.3%) patients treated with palbociclib and in 65 of 471 (13.8%) patients receiving endocrine monotherapy (data not shown). The most common SAEs in palbociclib-treated patients were pulmonary embolism, reported in 11 (1.3%) patients, and febrile neutropenia, reported in nine (1.0%); no other SAEs occurred in more than 1.0% of patients, including patients receiving endocrine monotherapy (comparator arm: pulmonary embolism, three \[0.6%\] patients; febrile neutropenia, one \[0.2%\] patient). The overall permanent discontinuation rate due to any grade AEs in those receiving palbociclib was 8.3% (72/872 patients) over three years, and 91.4% remained on palbociclib regardless of treatment combination. No treatment-related deaths occurred during the trial or the 28 days after the last dose of study drug among patients receiving palbociclib in the three pooled PALOMA studies. During the safety period evaluated, grade 5 events occurred in 15 of 872 (1.7%) patients receiving palbociclib plus endocrine therapy and in seven of 471 (1.5%) in the endocrine therapy comparator arm.

Adverse Events of Interest
--------------------------

The average burden of AEs for patients receiving palbociclib plus endocrine therapy over the initial 18 treatment cycles was consistently low for infections, nausea, and fatigue, with the average CTCAE grade of these events remaining below 2 ([Supplementary Figure 3](#sup1){ref-type="supplementary-material"}, available online). Among patients who experienced grade 3−4 neutropenia (laboratory-based findings), the mean CTCAE grade of these events decreased slightly after the second cycle, from 3.1 in cycle 1 to 3.0 by cycle 3, and then remained within this narrow range through cycle 18. The mean CTCAE grade for neutropenia remained stable over time with the implementation of dose modifications during the same period.

The incidence of any grade febrile neutropenia in palbociclib-treated patients during the first 18 months of treatment was low (0−\<6 months, 11/872 \[1.3%\]; 6−\<12 months, 2/676 \[0.3%\], and 12−\<18 months, 1/491 \[0.2%\]); there were no subsequent events, and the reported incidence over the entire study period was 14 (1.6%) for febrile neutropenia of any grade (data not shown).

Hepatic Function
----------------

Pooled incidences of any grade (grades 1−4) laboratory elevations in the palbociclib-treated and comparator arms were as follows: alanine aminotransferase (ALT) 40.8% and 31.1%, respectively; aspartate aminotransferase (AST) 48.4% and 40.8%; alkaline phosphatase 36.1% and 43.7%; and total bilirubin 7.9% and 6.0% (data not shown). Overall, the rate of grade 3−4 hepatic toxicities was low, although grade 3--4 laboratory values were more frequently observed in the palbociclib-treated patients than in the comparator arm for ALT, 2.3% and 0.2%, and AST, 3.3% and 1.9%, respectively. No cases meeting the criteria for Hy's Law ([@djy109-B13]) were observed in palbociclib-treated patients.

Growth Factors
--------------

Granulocyte colony-stimulating factors (G-CSFs) usage peaked during cycles 1 and 8 (40 of 872 \[4.6%\] and 35 of 658 \[4.6%\] patients, respectively); thereafter, the percentage of patients receiving G-CSFs gradually declined over subsequent cycles and reached no G-CSF use at all by cycle 30 until cycle 58 ([Figure 4C](#djy109-F4){ref-type="fig"}).

Discussion
==========

Based on pooled data from the 3 PALOMA studies, the current report represents the largest and most comprehensive analysis of the long-term safety of palbociclib combined with endocrine therapy in patients with HR+ disease, the most common breast cancer subtype. The safety profile of palbociclib plus endocrine therapy in this pooled analysis remains consistent with previously reported results for palbociclib plus letrozole in patients who were front-line metastatic (PALOMA-1 and -2) and for those who received palbociclib plus fulvestrant to treat disease that progressed on prior endocrine therapy in the advanced breast cancer setting (PALOMA-3) ([@djy109-B1]). With regard to QTc prolongation, which has been shown to be a concern with certain CDK4/6 inhibitors, even in patients not considered to be at high risk for such an event ([@djy109-B14]), the recent results for corrected QT (QTc) evaluations in PALOMA-2 patients indicated that palbociclib plus letrozole does not prolong QTc to a clinically relevant extent at the recommended 125 mg/d dosing regimen ([@djy109-B15]).

Hematologic AEs, particularly cytopenias, are among the most commonly observed toxicities with palbociclib treatment. Although neutropenia is the most frequently reported AE of any grade, relatively few patients experienced febrile neutropenia, and the rate of permanent treatment discontinuation associated with neutropenia was low. Among patients who experienced grade 3−4 neutropenia, the average severity grade of neutropenia remained relatively stable and at the low end of the grade 3−4 range over time, indicating a lack of cumulative myelotoxicity with prolonged palbociclib treatment. Additionally, the average severity of neutropenia in this study decreased slightly after the second cycle, possibly because of dose modifications triggered by grade 4 neutropenia events that tend to occur early during treatment.

Previous reports showed that one or more dose modifications (dose reduction, dose interruption, or cycle delay) for the management of neutropenia or any AE did not significantly alter the treatment effect of palbociclib plus endocrine therapy on PFS ([@djy109-B16]). These observations are consistent with the proposed noncytotoxic mechanism of palbociclib-induced bone marrow suppression and are unlike the effects of chemotherapy ([@djy109-B20]).

The incidence of hematologic and nonhematologic AEs peaked within the first six months of palbociclib plus endocrine therapy, temporally coinciding with the period of most dose modifications (cycles 1 and 2). Early recognition of AEs is crucial for their successful management because it allows continued treatment and optimization of treatment outcomes. AEs associated with palbociclib plus endocrine therapy, including the most common toxicities (ie, neutropenia, infections, leukopenia, fatigue, nausea), generally tapered off over time. The majority of patients (63%) did not require a dose reduction and remained on the full 125 mg/d dose during treatment. The cumulative incidence of AEs during up to 50 months of treatment was very similar over time, and the rate of permanent discontinuation associated with AEs remained low, indicating that these toxicities were well managed. The most frequently used toxicity management techniques were dose reductions and temporary discontinuations. Although cytopenias (particularly neutropenia and leukopenia) were the most common reason for dose modifications, clinical management of other AEs was achieved effectively using these methods, and only four nonhematologic AEs (fatigue, increased alanine aminotransferase, infections, and disease progression) were associated with permanent treatment discontinuation in more than two patients. Relevant resources that provide recommendations on the management of dose modifications in response to toxicities are available to treating physicians ([@djy109-B21],[@djy109-B22]).

At present there are no definitive predictive markers for short- or long-term toxicity to indicate which patients may better tolerate and benefit more from the addition of a CDK4/6 inhibitor to endocrine treatment. However, it has been reported on the basis of a univariate analysis of PALOMA-2 study data that Asian ethnicity and a baseline absolute neutrophil count lower than 3.68×10^3^/mm^3^ represent potential risk factors for the development of grade 3--4 neutropenia ([@djy109-B17]). Further research on this topic is warranted given that it is information that can facilitate the conservation of health care resources in cases when endocrine monotherapy may suffice. Such insights could also reduce the likelihood of toxicity in potentially at-risk patients in both the adjuvant and advanced disease settings to minimize the impact on day-to-day quality of life (QoL). It is worth noting, however, that QoL can be maintained in patients treated with palbociclib plus endocrine therapy ([@djy109-B23],[@djy109-B24]) through the use of appropriate supportive care and dose modifications as needed to manage AEs such as neutropenia, the most common AE associated with palbociclib ([@djy109-B3]).

Another therapeutic strategy to enhance the efficacy of endocrine therapies in patients with HR+/HER2- advanced breast cancer involves combining the mechanistic target of rapamycin (mTOR) pathway inhibitor everolimus with exemestane ([@djy109-B25]). BOLERO-2 clinical trial reports, which showed the effects of everolimus plus exemestane in patients with HR+ breast cancer who had relapsed on nonsteroidal aromatase inhibitors ([@djy109-B26]), indicate that toxicities tended to occur early after treatment initiation and necessitated dose reduction(s) and more discontinuations than the placebo plus exemestane arm, although the AE incidence with everolimus decreased over time ([@djy109-B25]), as was observed in this analysis with palbociclib plus endocrine therapy. In the BOLERO-2 study, the most common any grade AEs, reported for 15.0% or more of the 238 patients who received the less intensive regimen of endocrine therapy (exemestane) plus placebo after a median of 12 weeks' exposure, were nausea (27%), fatigue (26%), diarrhea (16%), and arthralgia (16%) ([@djy109-B26]). In the endocrine monotherapy arm of this pooled safety study, those same AEs (any grade) were reported in 25%, 27%, 18%, and 25% of patients, respectively, demonstrating that AEs associated with endocrine therapy alone are consistently less toxic and that their safety profile is not altered over time for up to three years.

Currently, most of the safety data pertaining to CDK4/6 inhibitors received concomitantly during endocrine-based therapy for HR+/HER2- advanced breast cancer in women represent an evaluation after a relatively short follow-up period. The longest safety follow-up of any CDK4/6 inhibitor in the breast cancer setting is five years for palbociclib plus letrozole in the PALOMA-1 study (December 30, 2016, data cutoff), reported in conjunction with overall survival ([@djy109-B12]). Although these data were used to assess cumulative incidence annually over five consecutive years to reveal no new safety concerns, as a single study, it included only 83 patients, and, although informative, it must be viewed in that context. This pooled analysis assesses AEs reported for 872 patients treated with palbociclib plus endocrine therapy across three phase III clinical trials after a follow-up of up to 50 months and represents the most comprehensive safety report of CDK4/6 inhibitor use for advanced breast cancer at this time.

Some limitations may exist with respect to the generalizability of these safety findings. The representation of blacks in this pooled analysis was 2.5% or less of the study population in either arm; Asian patients constituted 16.6% and 13.6% of the women in the palbociclib-treated and endocrine therapy only arms, respectively. Additionally, patients with certain comorbidities or those taking certain concomitant medications were excluded from taking part in the clinical trials that formed the basis of our analyses; thus, the findings of our analyses may not be applicable to those patients who were excluded from these trials.

Based on these long-term safety analyses, there is no evidence of specific cumulative or delayed toxicities resulting from prolonged treatment with palbociclib combined with endocrine therapy for HR+/HER2- ABC, supporting the use of palbociclib plus endocrine therapy in the ongoing investigation of their utility in early breast cancer as adjuvant treatments (NCT02513394).
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###### 

Click here for additional data file.

[^1]: Comparator arm received endocrine therapy ± placebo. ABC = advanced breast cancer (includes metastatic breast cancer); ECOG = Eastern Cooperative Oncology Group; PS = performance status.

[^2]: Includes patients with missing/unreported information.

[^3]: Maximum value pertains to a single patient who was misdosed. --- = no data.

[^4]: Relative dose intensity = \[(actual dose)/(intended dose)\]\*100%.

[^5]: Dose reduction is any dose reduction from the initial prescribed dose regardless of its duration; dose interruptions are not counted as reduction.

[^6]: Denominator is n = 394, includes patients in the endocrine therapy plus placebo arms of PALOMA-2 and -3 only.

[^7]: Includes any missing dose, gaps within a cycle, or not completing 21 doses per cycle (except last cycle).

[^8]: Defined as any cycle start delay (PALOMA-1), delays beyond 31 days (PALOMA-2), or delays of two or more days (cycles 1 and 2) or seven or more days (cycle 3 or later; PALOMA-3).

[^9]: Endocrine therapy with placebo (PALOMA-2 and -3) or without placebo (PALOMA-1). AE = adverse event.

[^10]: AEs were graded in accordance with the maximum Common Terminology Criteria for Adverse Events (CTCAE; version 4.0) and the Medical Dictionary for Regulatory Activities (version 19.0) coding dictionary applied.

[^11]: Includes data up to 28 days after last dose of study drug.

[^12]: In the palbociclib plus endocrine therapy arm, grade 5 events were reported for 15 patients (1.7%) as follows: disease progression (six events), pulmonary embolism¶, general physical health deterioration, hepatic failure, acute myocardial infarct, cardiogenic shock, cardiopulmonary failure, cardiovascular insufficiency, death, disseminated intravascular coagulation, and respiratory failure (one event each).

[^13]: In the endocrine therapy (±placebo) arm, grade 5 events were reported for seven patients (1.5%) as follows: infections¶ (three events), pulmonary embolism¶, acute respiratory distress syndrome, breast cancer, cardiac arrest, cerebral hemorrhage (one event each).

[^14]: Cluster terms applied as defined in the [Supplementary Appendix](#sup1){ref-type="supplementary-material"} (available online).

[^15]: A single missing or unknown infection occurred that is not included in the total.

[^16]: Maximum CTCAE grade does not apply.

[^17]: AEs associated with dose reductions in 1% or more of patients during the first three years of palbociclib treatment are shown. AE = adverse event; ALT = alanine aminotransferase; AST = aspartate aminotransferase.

[^18]: Cluster terms were used and are defined in the [Supplementary Appendix](#sup1){ref-type="supplementary-material"} (available online).

[^19]: AEs associated with temporary treatment discontinuations in 1% or more of patients during the first three years of palbociclib treatment are shown. A temporary dose discontinuation included any interruption and resumption of treatment within the same cycle or at the start of a new cycle (ie, cycle delays).

[^20]: AEs associated with permanent discontinuation in more than two palbociclib-treated patients during the first three years of treatment are shown.
